) and high frequency hearing loss in heterozygotes 50 (+/dfw 2J ). Despite the deafness phenotype, no significant differences in MNTB volume or cell number 51 were observed in dfw 2J homozygous mutants, suggesting PMCA2 is not required for MNTB neuron 52 survival. The MNTB tonotopic axis encodes high to low sound frequencies across the medial to lateral 53 dimension. We discovered a cell size gradient along this axis: lateral neuronal somata are significantly 54 larger than medially located somata. This size gradient is decreased in +/dfw 2J and absent in dfw 2J /dfw
2J
. 55
The lack of acoustically driven input suggests that sound-evoked activity is required for maintenance of 56 the cell size gradient. This hypothesis was corroborated by selective elimination of auditory hair cell 57 activity using either hair cell elimination in Pou4f3 DTR mice or inner ear tetrodotoxin (TTX) treatment. 58
The change in soma size was reversible and recovered within 7 days of TTX treatment, suggesting that 59 regulation of the gradient is dependent on synaptic activity, and that these changes are plastic rather 60 than permanent. 61 62
New and Noteworthy 63
Neurons of the medial nucleus of the trapezoid body (MNTB) act as fast-spiking inhibitory 64 interneurons within the auditory brainstem. The MNTB is topographically organized with low sound 65 frequencies encoded laterally and high frequencies medially. We discovered a cell size gradient along 66 this axis: lateral neurons are larger than medial neurons. The absence of this gradient in deaf mice, 67 8 prepared as previously described (Tong et al. 2013 ). Transverse slices (200 µm-thick) containing the 187 MNTB were cut in a low-sodium artificial CSF (aCSF) at ~0°C. Slices were maintained in a normal aCSF at 188 37°C for 1 hour, after which they were stored at room temperature (~20°C) in a continually recycling 189 slice-maintenance chamber. Composition of the normal aCSF was (mM): NaCl 125, KCl 2.5, NaHCO 3 26, 190 glucose 10, NaH 2 PO 4 1.25, sodium pyruvate 2, myo-inositol 3, CaCl 2 2, MgCl 2 1 and ascorbic acid 0.5; pH 191 was 7.4, bubbled with 95% O 2 , 5% CO 2 . For the low-sodium aCSF, NaCl was replaced by 250 mM sucrose, 192
and CaCl 2 and MgCl 2 concentrations were changed to 0.1 and 4 mM, respectively. Experiments were 193 conducted at a temperature of 36 o C±1 using a Peltier driven environmental chamber (constructed by 194
University of Leicester Mechanical and Electronic Joint Workshops) or using a CI7800 (Campden 195 Instruments, UK) feedback temperature controller. filtering at 10kHz. Patch pipettes were pulled from borosilicate glass capillaries (GC150F-7.5, OD: 1.5mm; 201
Harvard Apparatus, Edenbridge, UK) using a two-stage vertical puller (PC-10 Narishige, Tokyo, Japan). 202
Their resistance was ~3.0 MΩ when filled with a patch solution containing (mM): KGluconate 97.5, KCl 203 32.5, HEPES 40, EGTA 5, MgCl 2 1, Na 2 phosphocreatine 5, pH was adjusted to 7.2 with KOH. Osmolarity 204 was around 300 mOsm. Voltage signals were not corrected for the liquid junction potential (-11 mV). 205
Whole-cell series resistances were <10MΩ, compensated by 70% and recordings in which the series 206 resistance changed more than 2MΩ were eliminated from analysis. EPSCs were elicited by stimulation 207 through a bipolar platinum electrode positioned across the midline. The stimulating electrode was 208 connected to a voltage stimulator (DS2A, Digitimer Ltd, UK) delivering 200 µs, 5-50V pulses at a rate of 209 0.25 Hz. The voltage-stimulus was adjusted to give a large synaptic response from one calyceal input in9 each recording. EPSCs were recorded in the presence of 10µM bicuculline, 0.5-1µM strychnine, and 211 50µM D-AP5. Tetrodotoxin (TTX, 0.5µM) was added in addition to the above cocktail to record mEPSCs. 212
All chemicals and drugs were obtained from Sigma (UK) with the exception of: bicuculline, 2-amino-5-213 phosphono-pentanoic acid (D-AP5) from Tocris (Bristol, UK). EPSC decay times and amplitudes were 214 measured from averaged traces (10-15 records). mEPSC decay times were measured from averaged 215 traces (20 records). The holding potential was set to -40mV. 216
Capacitance measures. Cell capacitance was assessed in whole-cell voltage-clamp recordings using 217 the pCLAMP-10 software. For each neuron the capacitance value was read out directly as the 218 telegraphed signal from the amplifier. At the end of each recording, a low magnification (4x) image was 219 taken to document the location of the pipette tip (still in the cell) with respect to the midline. These 220 images were then used to divide the MNTB into a medial, central and lateral division as introduced 221 recorded for a period of 4 seconds. Synaptic delay was measured from peak to peak between the 231 prepotential and the postsynaptic action potential (Fig. 1G) . 232 TTX Experiments. All measurements for the TTX experiments were carried out using tissue previously 233 collected by Pasic and Rubel (Pasic et al. 1994; Pasic and Rubel 1991) . These studies used adult 234
Mongolian Gerbils of either sex. Cochlear ablations were performed by removing the pinna, incising the 235 tympanic membrane of one ear, and removing the malleus. The bony walls of all three turns of the 236 cochlea were then opened, the cochlear contents were crushed and aspirated, and the modiolus was 237 fractured. For TTX treatment, TTX crystals (Sigma Chemicals, St. Louis, MO) were suspended and placed 238 on a disk of ethylene-vinyl acetate copolymerresin (Elvax). Small pieces of the disk (0.1g) containing 239 approximately 500ng of TTX were cut with a 17-gauge stub adapter. TTX blockade of eighth nerve 240 activity was obtained by making an incision posterior to the ear canal, opening the mastoid bulla, and 241 placing the disk with TTX in the round window niche of the middle ear, resting against the round window 242 membrane. In animals receiving TTX treatment for 48 hours, the TTX disc was replaced after 24 hours to 243 ensure adequate maintenance of the block. Animals in the group which survived for 7 days had the disk 244 containing TTX removed 20 or 44 hours after insertion. Previous experiments showed that soma size of 245 neurons in the cochlear nucleus are unaffected by placing polymer without TTX in the round window 246 (Pasic and Rubel 1989) and that blockade reliably lasted for 4 hours following removal of the disc (Pasic 247 and Rubel 1991). All treatment was unilateral and the MNTB contralateral to the treated ear was used 248 for analysis. See Pasic and Rubel (1991; 1989) show that PMCA2 is present both presynaptically and postsynaptically (Figure 1 A- To determine if these differences showed any tonotopic 298 relationship, the nucleus was divided into thirds and neurons were assigned to medial, central, or lateral 299 groups ( Figure 3A) . We defined PMCA2 function as the percentage of PMCA2 protein, determined by 300 the number of functional alleles possessed by an animal, multiplied by the PMCA2 pumping efficiency, 301 determined by biochemical assay (Penheiter et Figure 3B ; p=0.02). shown as an example in Figure 3D . The slope of the linear regression for neuronal soma size is 313 significantly non-zero in wild type mice ( Figure 3D; The difference in soma size between medial and lateral MNTB neurons raised the question of 334 whether the synaptic current or the neuronal output firing also varied across the tontopic axis? Our 335 initial experiments (Fig. 1) nA; n=3) than in the medial, high-frequency neurons (4.2 ±0.7 nA; n=7; p=0.007; Figure 4C ). In the 339
2J mice calyceal inputs to medial and lateral neurons were equally large (med: 7.7 ±0.7 nA; n=7; 340 lat: 7.5 ±1. The pharmacological blockade of sodium channels by TTX was reversible, so that after TTX was 375 removed, the cochlea recovers and activity resumes. In animals that were allowed to recover for 7 days 376 from a 48 hour TTX treatment, the size gradient was restored and lateral neurons were again larger than 377 medial neurons (Figure 5; p=0.02) . 378 The results of this study show a medial to lateral cell size gradient in the MNTB. This gradient is 382 dependent on afferent activity and can be reversibly abolished when the input activity is lost. While TTX 383 and DT treatment or cochlear ablation completely eliminate all input activity, the deafwaddler mutation 384 maintains spontaneous firing but cannot transmit additional sound-evoked activity. All of these 385 manipulations led to smaller cells. If there was a simple or linear correlation between firing rate and cell 386 size, then we would have predicted a uniformly large cell size in the dfw 2J mutants, given the high 387 spontaneous firing rates of the mutant mice. However, general afferent activity (spontaneous firing) 388 alone did not lead to larger lateral neurons. Therefore our observations suggest a more complex control 389 of soma size, perhaps including the release of calcium-dependent signals controlling the size of the 390 lateral neurons. Sound-frequency specific input characteristics seem necessary to induce and maintain 391 the neuronal size gradient and PMCA2 is involved in regulating these inputs. 392 
